Introduction {#S0001}
============

Each year, more than one million people die of lung cancer worldwide, whereas in Poland it is responsible for more than 20 000 deaths \[[@CIT0001], [@CIT0002]\]. Non-small cell lung cancer (NSCLC) accounts for about 85% of all primary lung neoplasms. The majority of patients (approximately 80%) present with advanced disease and their prognosis is poor. However, if the management is tailored based on clinical characteristics, patients might derive some benefit from treatment in terms of survival and quality of life. The value of chemotherapy in advanced NSCLC was first confirmed in a meta-analysis published in 1995 \[[@CIT0003]\]. Two-drug platinum-based regimens and novel chemotherapeutic-based regimens are recommended as the first-line chemotherapy, which usually consists of four cycles \[[@CIT0004]--[@CIT0009]\]. Selected patients with disease progression after a prior chemotherapy regimen may benefit from second-line treatment with docetaxel or pemetrexed, which is particularly justified in the subgroup with at least three-months long response to first-line chemotherapy \[[@CIT0004], [@CIT0010], [@CIT0011]\]. Clinical efficacy of other cytotoxic agents or multidrug regimens as a second-line chemotherapy has not yet been proven \[[@CIT0004], [@CIT0012]--[@CIT0015]\]. However, in case of cancer progression or contraindications to chemotherapy, the use of tyrosine kinase inhibitors (TKI) of the epidermal growth factor receptor (EGFR) should be considered within second-line treatment. Furthermore, palliative radiotherapy or best supportive care only are also optional treatment methods of patients with advanced stage NSCLC.

Erlotinib and gefitinib are reversible EGFR-TKI administered orally \[[@CIT0016]\]. Results of the phase III study BR.21 proved the clinical efficacy of erlotinib-based regimens as second- or third-line treatment of advanced NSCLC \[[@CIT0017]\]. The trial showed significant survival prolongation compared to placebo in patients with disease progression after at least one chemotherapy line. In addition to prolongation of survival, patients who received erlotinib had longer median time to symptom deterioration (cough and dyspnoea) as well as improved quality of life. Treatment with erlotinib was well-tolerated -- rash and diarrhoea were the most commonly observed adverse effects. The rate of response to erlotinib was higher among Asians, women, patients with adenocarcinoma, and lifetime non-smokers. However, the only significant independent predictors of beneficial effect on survival were Asian origin, a history of not smoking, presence of activating mutations in the *EGFR* gene, and a high number of *EGFR* copies \[[@CIT0018]\].

The aim of this study was to analyse the efficacy of treatment with erlotinib in patients suffering from advanced stage NSCLC who participated in the multicentre, international phase IV study MO 18109 TRUST (expanded access clinical program of Tarceva™ in patients with advanced stage IIIB/IV NSCLC). Our analysis was performed based on clinical data derived from centres with the largest number of patients who received erlotinib.

Material and methods {#S0002}
====================

Patients {#S20003}
--------

Between May and November 2005, a total of 56 patients (19 women and 37 men) with histological or cytological diagnosis of NSCLC were included in the study. Most of them maintained very good or good performance status (ECOG 0-2). Disease stage at entry was IIIB or IV in 7 and 49 patients, respectively. The histological diagnosis was squamous-cell (*n* = 23), adenocarcinoma (*n* = 20), or broncho-alveolar carcinoma (*n* = 2). In 11 patients the type of NSCLC was not specified. Most patients (*n* = 46 -- 82%) were active or lifetime smokers. The protocol of the MO 18109 study allowed the use of erlotinib as first-line therapy in case of contraindications to chemotherapy. However, erlotinib was administered only in one patient (2%) as a first-line treatment. The majority of patients received erlotinib as second- (*n* = 19 -- 34%) or third-line (*n* = 36 -- 64%) treatment. [Table 1](#T0001){ref-type="table"} shows baseline characteristics of the patients included in this analysis in comparison with the whole population of patients who participated in the TRUST study.

###### 

Baseline patient characteristics

  Characteristic               TRUST -- Poland             TRUST -- Total                
  ---------------------------- --------------------------- ---------------- ----- ------ ------
  No. of patients                                          56                     7039   
  Age                          median                      61                     63     
                               minimum                     45                     19     
                               maximum                     75                     95     
  Sex                          female                      19               34    2795   40
                               male                        37               66    4238   60
  Race                         white                       56               100   5136   73
                               black                       0                0     29     \< 1
                               east Asian                  0                0     1348   19
                               other                       0                0     499    7
                               unknown                     0                0     27     \< 1
  ECOG                         0                           14               25    1572   22
  Performance status           1                           26               46    3662   52
                               2                           12               21    1350   19
                               3                           4                7     438    6
                               Unknown                     0                0     17     \< 1
  Disease stage at diagnosis   IIIB                        7                13    1540   22
                               IV                          49               88    5422   77
                               Other                       0                0     15     \< 1
                               Unknown                     0                0     62     \< 1
  Pathology                    adenocarcinoma              20               36    3867   55
                               bronchoalveolar carcinoma   2                4     390    6
                               large-cell carcinoma        0                0     400    6
                               squamous-cell carcinoma     23               41    1650   23
                               NSCLC unspecified           11               20    708    10
                               unknown                     0                0     14     \< 1
  Line of treatment            first line                  1                2     983    14
                               second line                 19               34    3450   49
                               third line                  36               64    2538   36
                               other                       0                0     54     \< 1
                               unknown                     0                0     14     \< 1
  Smoking status               never smoked                10               18    2199   31
                               active or lifetime smoker   46               82    4805   68
                               unknown                     0                0     35     \< 1

Patients younger than 18 years, with previous history of other cancer disease, pregnant women, and patients with metastases in the central nervous system or with psychiatric, psychological and social contraindications to chemotherapy were excluded from the study.

Haematological and biochemical parameters of all patients were within acceptable limits.

Treatment {#S20004}
---------

Patients received erlotinib in a single dose of 150 mg per day. Treatment modifications (dose reduction from 100 mg to 50 mg daily) were performed in accordance with the study protocol. Erlotinib was continued until progression of disease or discontinued due to adverse effects or patient\'s request.

Trial methodology {#S20005}
-----------------

The primary objective of this study was to determine the response rate, progression-free survival (PFS) and overall survival (OS) as well as to assess the safety and toxicity of treatment with erlotinib (presented analysis does not include OS).

Response to the study treatment was assessed at eight-week intervals according to RECIST (Response Evaluation Criteria In Solid Tumors). The analysis of safety and toxicity of the study drug was performed every four weeks. Partial or complete responses had to be confirmed within 28 days after the first evaluation.

Statistical analysis was performed using the program SAS v.8.2.

Results {#S0006}
=======

Response rate {#S20007}
-------------

None of the patients from our study group met the RECIST criteria for complete response (CR). Partial response (PR), stable disease (SD) or progressive disease (PD) was observed in 5 (9%), 33 (59%) and 16 (29%) patients respectively. Evaluation of response was not performed in one patient (2%) as he was still receiving erlotinib at the end of the observation period. One patient was excluded from the analysis due to missing data, and one due to discontinuation of treatment. We performed renewed analysis of final response excluding the patient with missing data. Results were comparable with those from previous analysis: CR, PR, SD and PD were 0 (0%), 5 (9%), 33 (60%) and 16 (29%) respectively. The disease control rate (DCR), defined as the sum of CR, PR and SD, was 69% (38 out of 55 patients). Response rates are shown in [Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"}.

###### 

Response rates to study treatment

  Response to treatment   *n* = 56   \%
  ----------------------- ---------- ----
  Complete response       0          0
  Partial response        5          9
  Stable disease          33         59
  Progressive disease     16         29
  Undetermined            1          2
  No data                 1          2

###### 

Response rates to the study treatment excluding missing data

  Response to treatment   *n* = 55   \%
  ----------------------- ---------- ----
  Complete response       0          0
  Partial response        5          9
  Stable disease          33         60
  Progressive disease     16         29
  Undetermined            1          2

Duration of treatment {#S20008}
---------------------

The majority of patients received treatment over a period of 8 to 16 weeks. Twenty patients (36%) were treated longer than 16 weeks. Distribution of treatment duration is shown in [Table 4](#T0004){ref-type="table"}.

###### 

Duration of treatment

  Weeks       Number of patients   \%
  ----------- -------------------- ----
  ≤ 4         3                    5
  \> 4-8      8                    15
  \> 8-16     24                   44
  \> 16-26    9                    16
  \> 26-52    8                    15
  \> 52-104   3                    5

Median duration of treatment performed as a first-, second- or third-line therapy was respectively 8.0, 15.9 and 12.9 weeks. Data on duration of treatment depending on the line of treatment are shown in [Table 5](#T0005){ref-type="table"}.

###### 

Duration of treatment according to the line of treatment (weeks)

  Weeks                Total   First line   Second line   Third line
  -------------------- ------- ------------ ------------- ------------
  Number of patients   55      1            19            35
  Minimum              3.1     8.0          4.6           3.1
  Median               13.1    8.0          15.9          12.9
  Maximum              77.1    8.0          43.9          77.1

Progression-free survival {#S20009}
-------------------------

Progression-free survival (PFS) was defined as time from the beginning of erlotinib administration to the first sign of PD according to the RECIST criteria or death. In 7 patients, who either still continued treatment with erlotinib or had no progression, PFS was determined on the basis of the latest examination date. The study group was analysed twice. The first analysis, based on 49 patients, included only individuals with confirmed PD. The second analysis also covered patients without well-documented PD, thus including 51 cases.

Median PFS in both analyses was 16.0 and 13.9 weeks, respectively. More detailed information is shown in [Tables 6](#T0006){ref-type="table"} and [7](#T0007){ref-type="table"} and illustrated in [Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}.

![Progression-free survival (objective progression)](WO-16-18661-g001){#F0001}

![Progression free survival (objective and undocumented)](WO-16-18661-g002){#F0002}

###### 

Progression-free survival according to the RECIST classification

  ------------------------------------------------- ---------- ----------- ------------
  All patients                                      56                     
  Patients with progressive disease                 49                     
  Patients without progressive disease (censored)   7                      
  \% censored                                       12.50                  
  **Progression-free survival**                     **Days**   **Weeks**   **Months**
  Median                                            112        16.0        3.68
  95% confidence interval                           86-169     12.3-24.1   2.83-5.55
  Range                                             21-673     3.0-96.1    0.69-22.11
  ------------------------------------------------- ---------- ----------- ------------

###### 

Progression-free survival (progressive disease according to RECIST + clinical progression)

  ------------------------------------------------- ---------- ----------- ------------
  All patients                                      56                     
  Patients with progressive disease                 51                     
  Patients without progressive disease (censored)   5                      
  \% censored                                       8.93                   
  **Progression-free survival**                     **Days**   **Weeks**   **Months**
  Median                                            98         13.9        3.20
  95% confidence interval                           83-152     11.9-21.7   2.73-4.99
  Range                                             21-673     3.0-96.1    0.69-22.11
  ------------------------------------------------- ---------- ----------- ------------

Adverse events {#S20010}
--------------

Safety and toxicity of treatment were analysed according to System Organ Class of MedDRA version 10 and Common Toxicity Criteria-Adverse Events (CTC-AE) version 3.0. In the study population adverse events (AE) were noted in 12 (21%) patients. Grade 1-5 of AE intensity was noted in 1 (2%), 1 (2%), 3 (5%), 3 (5%) and 4 (7%) cases, respectively. In 11 patients (20%) serious adverse events (SAE) were diagnosed. None of the SAE, discontinuations or deaths were associated with erlotinib. Frequency and severity of AE and SAE are summarized in [Table 8](#T0008){ref-type="table"}.

###### 

Frequency and severity of adverse events and serious adverse events

                                                                                     Number   \%
  ------------------------------------------------------------------------ --------- -------- ----
  Patients with at least one adverse events                                12        21       
  Adverse events grade                                                     grade 1   1        2
  grade 2                                                                  1         2        
  grade 3                                                                  3         5        
  grade 4                                                                  3         5        
  grade 5                                                                  4         7        
  Patients with at least one serious adverse events                        11        20       
  Patients with at least one serious adverse events induced by treatment   0         0        
  Patients who discontinued treatment due to serious adverse events        0         0        
  Deaths during the treatment or 30 days after the end of the study        6         11       
  Deaths linked to adverse events induced by the treatment                 0         0        

The most common adverse effect (68%, *n* = 38) was rash reported during treatment. Rash of grade 1 or 2 was observed in 33 (59%) cases whereas grade 3 or 4 was noted in only 5 (9%) patients. Seven (13%) patients required dose reductions due to drug-related toxicity. Distribution of necessary erlotinib dose reductions is shown in [Table 9](#T0009){ref-type="table"}.

###### 

Reduction of erlotinib doses

                                            Number   \%
  ----------------------------------------- -------- ----
  Patients who received dose modification   7        13
  Reduction to 100 mg                       7        13
  Reduction to 50 mg                        1        2
  Other reductions                          1        2

The most frequent reasons for erlotinib dose reduction were rash (*n* = 4 -- 7%), diarrhoea (*n* = 2 -- 3.6%) and conjunctivitis (*n* = 1 -- 1.8%).

Haematological or biochemical abnormalities during erlotinib treatment were not clinically significant. Table 10 shows frequencies of abnormal findings in laboratory examination noted in particular weeks of treatment.

The most common reason for treatment interruption was PD, which was noted in 44 (80%) individuals. Other causes were deterioration of performance status in 5 (9%) patients and patient\'s request to discontinue treatment in 6 (11%).

Discussion {#S0011}
==========

Expression of EGFR, which has been noted in the majority of patients with NSCLC, justifies the use of anti-EGFR drugs, such as monoclonal antibodies or TKI-EGFR \[[@CIT0016]\]. Erlotinib and gefitinib bind to the intracellular domain of EGFR TK, blocking signal transduction and tumourigenic effects associated with EGFR activation \[[@CIT0004]\]. However, phase III studies did not prove that adding gefitinib or erlotinib to standard chemotherapy improves rates of survival in patients with advanced stage NSCLC \[[@CIT0019]--[@CIT0022]\]. In spite of promising results of IDEAL-1 and IDEAL-2 clinical trials, the efficacy of gefitinib in monotherapy after failure of the first-line platinum-based regimen has not been definitely confirmed \[[@CIT0025]\]. There was also no difference in response rates and survival rates between patients treated with gefitinib in comparison with those treated with docetaxel in second-or third-line chemotherapy after the failure of the first-line platinum-based regimen \[[@CIT0026], [@CIT0027]\].

Erlotinib is currently the only one epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor approved for use as the subsequent line of chemotherapy after failure of the first and other line platinum-based regimen. In one phase III study, treatment with erlotinib resulted in statistically longer survival as compared with placebo -- median OS 6.7 vs. 4.7 months (*p* \< 0.001), median PFS 2.2 vs. 1.8 months (*p* \< 0.001), 1-year survival rate 31% vs. 21% -- while response rate was 8.9% as compared to less than 1% (*p* \< 0.001) \[[@CIT0017]\]. Significantly more patients in the erlotinib group had a clinically significant improvement in quality of life, assessed by prolongation of median time to symptomatic deterioration (dyspnoea -- 4.7 vs. 2.9 months, cough -- 4.9 vs. 3.7 months, and pain -- 2.8 vs. 1.9 months) \[[@CIT0017], [@CIT0028]\].

Detailed comparison between characteristics of the present study group and the whole TRUST population revealed some differences. First of all, our study population consisted only of white Caucasians, whereas 20% of the TRUST study population were patients of Asian origin. The higher percentage of Asians in the whole TRUST study may have contributed to the better response to treatment. Secondly, the distribution of histological features of tumours in the studies differed -- we noted twice as many squamous-cell carcinomas as in the total TRUST population (41% vs. 23%), while adenocarcinoma were more rarely observed in our study group (36% vs. 55%). There was also a marked difference in the smoking status of patients. Lifetime smokers constituted 18% of our study population and 31% in the total TRUST study group. Finally, erlotinib was administered as a different line of treatment in these two studies. Only 2% of patients from our analysis received erlotinib as a first-line treatment in comparison with 14% in the total TRUST study population. Erlotinib was administered in our patients as a second and third line of chemotherapy in 34% and 64% cases in comparison with 49% and 36% in the total TRUST population. In our analysis the majority of patients were given erlotinib as a third-line treatment (64%). No significant differences in age or sex, performance status or stage of disease were noted between the two studies.

Analysis of our study results compared to the BR.21 study results revealed the same differences as were observed when comparing our study patients with the total TRUST study population \[[@CIT0017], [@CIT0029], [@CIT0030]\]. Objective response rates (CR + PR) were similar to those in BR.21 (9.0 vs. 8.9%) \[[@CIT0017]\]. There was no difference in DCR (CR + PR + SD) between our study population and the total TRUST study population (69% vs. 69%) \[[@CIT0030]\]. Median progression-free survival in our study was longer not only in comparison with BR.21 (16.0 vs. 9.7 weeks), but also with respect to PFS observed in the total TRUST study population (16.0 vs. 14.1 weeks) and in the Italian TRUST study population (16.0 vs. 15.0 weeks). Because of the fact that more patients in the BR.21 and TRUST studies were non-smoking East Asians with adenocarcinoma (factors known to be predictive for benefit from erlotinib) the difference in median OS and PFS is somewhat surprising \[[@CIT0004], [@CIT0030]\].

There was a similar rate of toxicity induced by erlotinib in our study population in comparison with the total TRUST study population. The most common adverse event (68%) was a rash reported during treatment (BR.21 -- 75%, TRUST -- 70%) \[[@CIT0017], [@CIT0030]\]. There was no difference between the population of our study and BR.21 in frequency of rash of grades 3 and 4 \[[@CIT0017]\]. In both studies the most frequent reasons for erlotinib dose reduction were rash and diarrhoea \[[@CIT0017]\]. None of the SAE were associated with erlotinib or contributed to discontinuation of chemotherapy, whereas in the TRUST, Italian TRUST and BR.21 studies SAE constituted 5%, 4% and 5% respectively \[[@CIT0017], [@CIT0030], [@CIT0031]\]. Moreover, in our analysis the frequency of adverse events was lower (21%) than that found in the TRUST (52%) and Italian TRUST (35%) population \[[@CIT0030], [@CIT0031]\]. However, inclusion of patients in these three analysed studies was based neither on EGFR expression nor *EGFR* gene amplification and mutation, which are predictive factors of efficacy for TKI-EGFR. The positive predictive value of EGFR expression \[[@CIT0032]\] as well as *EGFR* amplification and mutation must be confirmed in prospective trials \[[@CIT0018], [@CIT0033]--[@CIT0035]\].

In conclusion: results of the TRUST study in the Polish population confirmed the efficacy of erlotinib in advanced NSCLC after failure of prior platinum-based chemotherapy. Treatment with erlotinib was associated with longer PFS as compared to the BR.21 study, the whole TRUST study population and the Italian population included in the TRUST study. Response rates were nearly identical to those noted in the BR.21 and TRUST studies. Erlotinib was well tolerated, with rash being the most frequently noted adverse event.
